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Introduction.
Since the discovery of a cusp in the a.c. susceptibility of AuFe alloys (Cannella and Mydosh, 1972 [1] ) considerable experimental and theoretical efforts have been made in order to elucidate the nature of the spin-(*) Unite Associee au C.N.R.S. : UA 784. glass state. E.S.R. can be detected in spin-glasses, and represents a powerful tool for their study, as it conveys a lot of information : the resonance field, the lineshape, linewidth and intensity of the absorption signal, and the way these parameters depend upon the temperature, and upon the frequency of the r.f field Two important features of the E.S.R. in metallic spin-glasses -the shift of the resonance towards low fields, and the broadening of the absorption signal, Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:01985004606096500 when the temperature is lowered down to the freezing temperature Tgwere in fact observed in CuMn and described in pioneering papers [2, 3] by Owen et al. more than 25 years ago. Since that time, a similar behaviour has been observed in other metallic spinglasses (e.g. AgMn [4] ) as well as in non-metallic spinglasses (e.g. Eu : SrS [5] ) ; in fact, insulating and metallic spin-glasses display somewhat different E.S.R. behaviour, but these differences are not related to the spinglass character, and originate from the presence of conduction electrons in metals : in a metallic spinglass, at first the absorption line is Dysonian at hightemperature, and secondly when the temperature is lowered one does not observe a monotonous increase of the linewidth, but rather the existence of a minimum width at some temperature Tm &#x3E; Tg, which merely indicates that at high temperature the line is broadened by spin-lattice relaxation (Korringa process, leading to a width AH oc T).
Owen et ale attempted to explain their experimental observations by assuming the presence of a kind of antiferromagnetism. By now, it is clear that another explanation has to be found. Theories of the E.S.R. in spin-glasses have been recently developed [6] [7] [8] [9] . We think that a better knowledge of the relaxation processes would be of interest for those trying to elucidate the nature of the E.S.R. in spin-glasses. With this idea in mind, we have undertaken a study of the dynamical aspects of E.S.R. in the insulating spin-glass Euo.4Sro.6S ; in a previous paper [5] , we have presented the static E.S.R. properties of this material in detail; in this paper, we present and discuss the dynamical results for T Z Tg (Tg = 1.55 K at o) = 0). As far as we know, this is the first paper dealing with dynamical aspects of electron spin resonance in spin-glasses ; on the contrary the dynamical aspects of the resonance of nuclei in spin-glasses have already been investigated (see for instance the zero-field N.M.R. study of iron-doped 2H-niobium diselenide, by Chen and Slichter [ 1 oa] and references therein, and [10b] [11] ; our previous work on a spherical single crystal [5] showed (Fig. 1 a') figure 6a : it has a non-exponential behaviour and can be fitted with the analytical expression y(t) = 0.3 e-1/5 + 0.7 e-t/40 (t : ms); figure 6b, obtained The corresponding signal for t = 1 ms is given in figure 8 : within experimental error, it fits with an expression y(t) = e-t/40. . We will retain the result that when the spin system is only weakly perturbed, the relaxation is characterized by a single time constant, 40 ms, and will keep it as characteristic of the relaxation of the system at 4.2 K. We were not able to give an interpretation for the shorter time constant observed for a stronger perturbation of the spins.
We now present the results at T -1.6 K. The susceptibility x"(H, H1) and its derivative, for the incident power P = 10 uW and for P = 100 mW are given in figure 9 ; the spin temperature increase is now ATS n-, 2 ( § 4) .
Up to now, we have excluded the more complex behaviour which is observed when a higher energy is used : figure 11 shows for instance that at 2.1 K the recovery after a 10-Z J pulse proceeds through [20] , and its quantum justification was given by Van Vleck [21] . Although it was then (2) 2) It allows the spins to relax through the modulation of the J exchange integral by the phonons. figure 13 [20] . As We now turn to the Raman process, where the spin transition takes place through the emission of a phonon with energy hw, and the absorption of a phonon with energy ha)'; using the same method as for the direct process, one finds an exponential behaviour when (7), where In (13), (6) The Raman contribution from Jet treated to the second order of perturbation is negligible against that from Je2 treated to the first order, for the reason given by Griffiths [25] . (for s = § and a simple cubic lattice, Griffiths [25] has found that the error is less than 4 %).
